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Electron Recoils 

Nuclear Recoils 

Erecoil = Ephonon - V x Eionization/! 
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•  133Ba!
•   252Cf!
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California Institute of Technology 

Case Western Reserve University 

Fermi National Accelerator Laboratory 

Massachusetts Institute of Technology 

NIST * 

Queen’s University* 

Santa Clara University 

Southern Methodist University* 

SLAC/KIPAC * 

Stanford University 

Syracuse University 

Texas A&M 

University of California, Berkeley 

University of California, Santa Barbara 

University of Colorado Denver 

University of Florida 

University of Minnesota 

University of Zurich 
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oaF'!$&$%&)#@' Phonon sensor 
Recoil energy 

A 
C B 
D 

Charge sensor 
Ionization energy 
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Complete collection at 3V/cm 
(after trap neutralization)!
!
Low-noise JFET amp at 140 K: Zero-
energy resolution ~100 e (~0.5%  
@ 511 keV)!

~85%! ~15%!

!Si  = 4 eV 

!Ge = 3 eV 
GE,#H$'�'A")*"U,()*<! 

ionization energy [keV] 

ionization energy [keV] 
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A 
C B 
D 

1 µ tungsten 

380µ x 60µ aluminum fins 

Electro Thermal 
Feedback 

R 

T 

Tc~80mK 

~10mK 

Ephonon = Erecoil + V x Eionization/! 
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•  High-energy phonons (~400 GHz) from particle 

recoil break Cooper pairs in superconducting Al 
(Tc = 1 K). The Al film acts as a ‘phonon filter’ 
against other heating mechanisms. 

•  Resultant quasiparticles diffuse towards the 
tungsten trap where electron scattering heats up 
the W tungsten transition edge sensors (Tc ~ 70 
mK)'
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ACEÄ:;  62'

Y=;Z'
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I'!SCJ'7'O"w'K'Y]RZ'

G))C$#'C,"#@'

1$,&$O'N'$2$%&#)*@'

XT8'h'> '62'

yR;Z'2)@@'G,@%,O$'FE)*)*@'

[T,@"C,#(%2$@'&#,*@C)#&''
&E$'$*$#H9'&)'&E$'N'DAX'

Alcollectorfi ns
2 m wideW transitionedge senor

Si or Gesurface

W - Aloverlap
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•  X"*H2$'@%,/$#'@T#+,%$'$Q$*&'#,&$'Y;sL'<'-H'<'O,9'

Experiment 
Monte Carlo 

85 keV $&
63 keV $&

22 keV $&

88 keV #&22 keV #&
~10μm “dead layer”!
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•  GT&')*'(4"*H'IO$2,9't'#"@$(4$KJ')C(4"U$O'+)#'8$@&'@$*@"(Q"&9'
•  XT#+,%$'$Q$*&',%%$C&,*%$'Y:q>;;'
•  !)4"*,*&'8,%-H#)T*OJ'8T&'#$}$%()*'%,*'8$'"4C#)Q$O'^"&E'4"2O'2)@@')+'$Å%"$*%9'

                  acceptance region!

γ (133Ba)!

β (133Ba)!

n (252Cf)!
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$"%#&'()*+,&
-).)&

2#DFU%-%FU%F)#(DU%J=FU(#V*&#%(X+=XF'#)/%#-=((DF'NV=D;DF'#&=X*#

@"O$8,*O'
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